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METHODS AND STRUCTURES FOR RAPID CODE ACQUISITION IN SPREAD 

SPECTRUM COMMUNICATIONS 

BACKGROUND OF THE INVENTION 
7. Field of the Invention 

[0001] The invention broadly concerns digital communication systems, such as 
spread spectrum systems. More specifically, reduction of the interference potential of 
relatively low-rate digital signals to other systems sharing the same frequencies is facilitated 
by spreading the low-rate digital data with a high-rate digital spreading sequence using 
pseudo-noise codes, for example, as used in Space Data communication systems. 

2. Discussion of Related Art 

[0002] In general, electronic communication systems transmit information by 
modulating an electronic signal representative of the data over a communication medium. A 
transmitting portion of such a communications system converts or modulates the digital 
information, i.e., baseband information, into a corresponding modulated signal for 
transmission through the communication medium. A receiving element receives the 
transmitted modulated signal and converts or demodulates the signal into the original digital 
information. 

[0003] A variety of communication media may be used for transmitting the 
modulated signal. For example, the modulated signal may be transmitted through air or space 
utilizing radio frequency (RF), or using laser energy on optical fibers. RF transmissions are 
usually regulated by governmental authority and limited to a band of frequencies that is 
determined by regulatory and technology-based requirements. The range of frequency over 
which a communications system operates is often referred to as the bandwidth of the 
communication medium. 

[0004] It is an ongoing problem in space communication systems to improve 
utilization of the available frequency bands. One way of increasing utilization is to 
multiplex a plurality of simultaneous users over the band with little or no mutual interference. 
Digital and analog signal processing techniques may facilitate improved bandwidth 
utilization. 
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[0005] One common digital signal processing technique is spread spectrum 
communication, which may be defined as any processing technique that digitally encodes the 
data for transmission in a format which disperses the data over the bandwidth, A spread 
spectrum transmission is such that multiple users may operate within the available bandwidth 
while incurring minimal interference fi-om other users who are simultaneously using the same 
bandwidth. Each receiver decodes the received information in such a manner that each user's 
encoded data may be digitally extracted from the combined transmissions on the same 
fi-equency band or bandwidth. 

[0006] Spread Spectrum techniques use a digital code to encode the data for 
transmission. In general, the user avails a transmitter-receiver pair including a transmitter 
element that spreads the data for transmission using a digital code. This code is temporally 
imique on the system bandwidth. A corresponding receiving element receives the spread 
information and despreads the transmission to recover the original transmitted data, i.e., the 
baseband information. In most instances, the receiving element must identify and use, for 
purposes of decoding the modulated transmission, the same code that the transmitting 
element has used to encode the baseband information in forming the modulated transmission. 
Other transmitter/receiver pairs may utilize available bandwidth on the same communication 
medium. The elements of the digital spreading codes are often referred to as "chips," which 
are distinct fi-om "bits" referring to units of user data. 

[0007] A variety of digital spreading code types are generally known in the art. 
Collectively, all such codes may be referred to as pseudornoise ("PN") signals or pseudo- 
random noise ("PRN") signals. The encoded information of one user is "spread" over the 
available bandwidth, such that the signal appears to be random noise having lower 
interference potential to any other users of the medium. Well known digital filtering 
techniques use the principle of processing gain to extract encoded information for the 
intended user without interference fi-om the other users of the bandwidth. 

[0008] Gold codes are one particular type of PN code. Gold codes are well 
understood by those skilled in the art, for example, as described in Optimal Binary Sequences 
for Spread Spectrum Multiplexing, IEEE Trans. Info. Theory, vol. IT-B, October, 1967, pp. 
619-21 which is hereby incorporated by reference. In general. Gold codes provide a large 
number of codes and help minimize interference between users using the available bandwidth 
of the communication link. Gold codes are frequently utilized in GPS (global positioning 
system) satellite communications, in other satellite communication applications, and in such 
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consumer commxinication applications as code-division multiple-access (CDMA), cellular 
radio and telephony. 

[0009] Although PN codes advantageously provide one way to distinguish 
between multiplexed spread spectrum communications, it is problematic that a time delay 
factor may be associated with the use of PN codes. In certain spread spectrum 
communication systems, the receiver may first acquire the PN code signal by adapting to 
phase shifts in the communicated signal. Techniques for such code acquisition or bit 
synchronization using serial search methods are well known. Although the receiving element 
may know which PN code is being used to encode the data, the receiver may not be 
synchronized with the transmission of encoded units of information. In other words, the 
receiver needs to synchronize with individual codes that are located in a received stream of 
chips. Once the code is so acquired, the receiver may continue decoding the received 
information in synchrony; however, this synchronization process takes time. Code 
acquisition delays may prevent full utilization of the available bandwidth 

[0010] More particularly, many CDMA communication systems use what is 
known as correlation receiver architecture to acquire the transmitted code sequences. This 
architecture acquires the code by receiving an appropriate number of chips, which the system 
. presumes represent the utilized PN code. If the received chips appear to correlate to an 
expected encoded data bit value of "1 " or "0" within a desired threshold of correlation, then 
the PN code has been acquired and decoding of data continues. If the presumed PN code does 
not adequately correlate to an expected data value, additional chips may be received and the 
sense testing for "1 " or "0" repeats imtil acceptable correlation indicates that the PN code is 
acquired. Design and operation of such correlation receivers are generally known in the 
industry , for example, as described in E. Kaplan, Artech House, GPS receivers (1996) (see 
Figures 5.2, 5.3 and 5.13, Understanding GPS Principles and Applications), 

[0011] Another general synchronization approach known in the art is to apply a 
matched filter that samples the incoming stream by shifting it through a shift register and 
comparing the shift register against an expected repeating sequence until it recognizes the 
expected sequence. This approach is not compatible with complex PN codes, such as Gold 
codes, because the repeating sequence may be extremely long and hence render a matched 
filter approach impractical. 

[0012] Another approach suggested by Ward in Acquisition of Pseudonoise 
Signals by Sequential Estimation, (IEEE Trans, on Comm. Technology, Col. COM-13, No. 4, 

3 



Patent 

Docket Number 0SE08[410523] 
U.S. Express Mail Label No. EL 993397034 US 

December 1065, pp. 475-483), is often referred to simply as sequential estimation. This 
approach differs from that of the correlation receiver architecture, which requires active 
closed-loop control of the rate and the relative time delay of a locally-generated code 
sequence that is used, as described above, to serially search for and achieve synchrony with 
the received chip sequence. In contrast, the sequential estimation receiver of Ward contains 
one code generator that is immediately in synchrony with the received chip sequence 
following receipt and logic-loading of the ^-th chip. Therefore, the sequential estimation 
receiver advantageously does not have to search for synchronism as does a correlation 
receiver. Moreover, the correlation receiver must continually make active adjustments to its 
closed-loop to maintain synchrony with the received chip sequence. The code generator in 
the sequential estimation receiver of Ward is clocked by the receiver's timing recovery 
circuitry, which derives its timing from the received chip sequence so that changes in the rate 
of the received chip sequence, e.g., rate changes due to Doppler effects, are self- 
compensating. Though sequential estimation provides numerous benefits over correlation 
receivers, a particular problem with these known approaches arises in their application to 
Gold codes. 

[0013] In general, a Gold code generator comprises two A^-stage shift registers. 
Various ones of the stages (i.e., the "taps") may be summed modulo-2 and the sum applied as 
feedback into the shift registers. The output of the two shift registers, which is the modulo-2 
sum of the respective taps, may be summed modulo-2 to generate the Gold code output of the 
generator. By configuring the taps of the registers and by pre-loading the shift registers with 
particular values, the Gold codes generated by the generator may be varied. Since Gold 
codes represent the modulo-2 sum of two values, each received chip represents the modulo-2 
sum of two bits in the paired shift registers that make up a Gold code generator. The 
techniques for sequential estimation as taught by Ward do not easily adapt to Gold codes, as 
used for spread spectrum conmiunication systems. The presently known techniques would 
require significant additional processing of received chips to acquire desired code 
synchronization. Although Gold codes provide the benefit of improved spreading and 
separation of multiple users, and hence better bandwidth utilization, code acquisition of Gold 
codes from a received data stream is relatively more complex and time consuming. This 
necessitates the expenditure of extended time for achieving synchrony or lock. The time 
delay is undesirable in certain high speed applications where acquisition of the Gold or PN 
code must be attained more quickly. 



4 



Patent 

Docket Number 03E08[410523] 
as. Express Mail Label No, EL 993397034 US 

[0014] It is evident from the above discussion that a need exists for improved 
methods and structures to provide rapid acquisition of pseudo-noise digital codes in spread 
spectrum digital communication systems. In addition, a simple structure for improved Gold 
code acquisition in spread spectrum digital communication systems is of particular utility. 

SUMMARY OF THE INVENTION 

[0015] The present invention solves the above and other problems, thereby 
advancing the state of the useful arts, by providing methods and structure for simultaneously 
operating multiple Gold code generators substantially in parallel. This achievement may 
advantageously reduce the time required for code acquisition in spread spectrum 
communication systems. 

[0016] More specifically, aspects hereof provide for multiple Gold code generator 
components that are operable in parallel on received digital codes or 'chips.' The Gold code 
generators may operate simultaneously from a preconfigured state where each one of multiple 
Gold code generators is pre-loaded with a different value. Thus, each generator may 
synchronize or lock with the transmitted codes in a received sequence of chips corresponding 
to the preconfigured state. By operating a plurality of Gold code generators in parallel, 
features hereof may facilitate rapid synchronization. 

[0017] One feature hereof provides a receiver that is adapted for coupling to the 
communication medium. The receiver may contain or communicate with a plurality of PN 
code generators each having an input signal path and an output signal path. Load logic may 
be coupled to the input signal path of each of the plurality of PN code generators. The load 
logic may be adapted to receive chips from the communication medium and adapted to pre- 
load the plurality of PN code generators with information that is obtained from the received 
chips. The receiver may also be adapted to operate the plurality of PN code generators 
substantially in parallel following pre-loading thereof Selection logic may be coupled to the 
output signal path of each of the plurality of PN code generators to select one of the PN code 
generators that is correlated to a user transmission, i.e., to provide a correlated PN code 
generator. A decoder may be coupled to the selection logic for decoding data received from 
the communication medium using the correlated PN code generator. 

[0018] Another aspect hereof provides that the plurality of PN code generators 
include a Gold code generator. By way of example, a Gold code receiver may include a 
plurality of Gold code generators that operate substantially in parallel, together with a 
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selector for selecting a correlated generator from the plurality of Gold code generators to use 
for decoding of received chips. In one embodiment, the plurality of generators may comprise 
2^ Gold code generators. Each Gold code generator may include a first shift register having 
N stages; and a second shift register having N stages. Here N may be the number of stages in 
each shift register of each generator. A pre-loader may be coupled to the plurality of Gold 
code generators for pre-loading shift registers in each generator prior to operating the 
generators such that each generator is pre-loaded with a unique pre-load value selected from 
2^ possible values where N is the number of stages in shift registers in the each Gold code 
generator. 

[0019] The load logic may place the shift registers into a preconfigured state, for 
example, by adapting the PN or Gold code generators for response to receipt of a 0 chip value 
or a 1 chip value. By way of example, in a first group of the PN code generators, the load 
logic may configure the shift registers with first logic for response to receipt of a 0 chip 
value. The shift register configuration entails the load logic placing a logic 0 bit value into 
the first Nhit shift register and into the second A'^bit shift register of each generator. 
Additionally, a second group of the PN code generators may be configured with second logic 
for response to a logic 1 value. The response is facilitated by the load logic placing a logic 1 
value into the first A/^ bit shift register and into the second Nhit shift register of each generator 
of the second group of the PN code generators. One aspect hereof provides that the load 
logic may include indexing logic to selectively associate each generator with the first group 
or with the second group. 

[0020] Other schemes for preconfiguring the shift registers may include the load 
logic being adapted to load a logic 0 bit value into the first bit shift register and to load a 
logic 1 bit value into the second Nhit shift register of each generator of a third group of PN 
code generators. Another altemative is to load a logic 1 value into the first Nhit shift register 
of a fourth group of PN code generators and a logic 0 bit value into the second Nhit shift 
register of each generator of the fourth group. These instrumentalities, by continuation of the 
foregoing examples, may assure that all possible combinations of TV bits are preloaded into 
registers of the plurality of PN code generators. Another aspect hereof provides that the load 
logic may include indexing logic to selectively associate each generator with the third group 
or with the fourth group. 

[0021] The load logic may fiirther include feedback logic, responsive to 
completion of the pre-loading of the plurality of PN code generators, to selectively couple the 
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output signal path of each PN code generator to the corresponding input signal path of each 
PN code generator to permit operation of the plurality of PN code generators. 

[0022] The selection logic may further include autocorrelation detection logic to 
determine the autocorrelation level of each of the plurality of PN code generators and 
threshold comparison logic to compare the autocorrelation level of each of the plurality of PN 
code generators to a predetermined threshold to identify the correct PN code generator. 

[0023] One way to enhance code selection speed is to use a pre-loader coupled to 
the plurality of PN code generators for pre-loading the first and second shift register in each 
generator prior to operating the generators. Additionally, feedback logic that is responsive to 
the pre-loader and associated with each PN code generator may selectively couple an output 
of each Gold code generator to an input of each generator. 

[0024] The selector may fiirther include a correlation coupled to an output of each 
generator to determine the correlation of each generator to a sequence of received chips, such 
that the selector is operable to select the generator best correlated to the sequence of received 
chips. By way of example, the correlator may further include a threshold comparator that 
compares the correlation of each generator with a predetermined threshold correlation level. 

[0025] Still another feature hereof provides a method that is operable in a digital 
communication receiver. The method includes the step of receiving digitally encoded 
information firom a communication medium such that a PN code is used to spread the 
information over available communication bandwidth of the commxmication medium. The 
method may fiirther include operating a plurality of PN code generators substantially in 
parallel with one another to acquire the correct PN code sequence from the received 
information. The method may fiirther include decoding received information using the best 
correlated PN code generator. 

[0026] Another aspect hereof provides the step of pre-loading shift registers in 
each PN code generator prior to operating each PN code generator. 

[0027] Another aspect hereof provides that the step of pre-loading may fiirther 
include deriving the value pre-loaded into each generator from received chips of the 
received information. 

[0028] Another aspect hereof fiirther provides for selecting the best correlated PN 
code generator by comparing outputs from each of the plurality of PN code generators with a 
sequence of chips of the received information. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figure 1 is a block diagram of a typical CDMA communication system as 
presently practiced in the art. 

[0030] Figure 2 is a block diagram of a spread spectrum communication system 
providing features and aspects hereof for rapid code acquisition. 

[0031] Figure 3 is a block diagram of features and aspects hereof for rapid Gold 
code acquisition in a system such as figure 2. 

[0032] Figure 4 is a block diagram of functional elements in load logic such as 
that of figures 2 and 3. 

[0033] Figure 5 is a block diagram of fiinctional elements in selection logic such 
as that of figures 2 and 3. 

[0034] Figure 6 is a flowchart of a method providing aspects hereof to control the 
pre-loading of PN code generators to permit rapid code acquisition. 

[0035] Figure 7 is a flowchart of a method providing aspects hereof to select a 
best correlated code generator from a plurality of generators operating substantially in 
parallel. 

DETAILED DESCRIPTION OF THE DRAWINGS 
[0036] Figure 1 is a block diagram of a typical spread spectrum communication 
system 100 as presently practiced in the art. The spread spectrum communication system 100 
may include a transmitter 152 coupled to a receiver 154 through a communication medium 
150. Transmitter 152 may include PN code generator 104 for generating PN codes to use for 
spreading baseband data 102 as applied to the communication medium 150. The baseband 
data 102 and the PN codes generated by generator 104 are applied as inputs to element 112 
for multiplication. The output of element 1 12 is then transferred to receiver 154 via 
communication medium 1 50. 

[0037] In operation, receiver 154 receives data from communication medium 150 
and applies the received information along with the output of PN code generator 106 to 
element 1 14 to be multiplied. The product thereof is applied to path 1 10 as decoded data for 
fiirther processing (i.e., baseband data). Those skilled in the art will recognize that 
appropriate techniques and structure may be applied for decimation of the decoded data if and 
as required. As presently practiced in the art, PN code generator 106 may be configured by 
PN code synchronization element 108 to apply the correct PN code sequence synchronized 
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with the transmitted chips for proper decoding of received chips. PN code synchronization 
element 108 samples the received chips from communication medium 150 and samples the 
output generated by element 1 14 to estimate, and eventually converge on, the correct PN 
code sequence synchronized with the PN code sequence in the transmitted chips from 
transmitter 152. 

[0038] The spread spectrum communication system 100 of Figure 1 may be 
implemented using either analog electronic devices or with digital electronic devices and 
digital signal processing techniques. Where digital processing techniques and circuits are 
applied, the digital product produced by element 112 may be modulated into an analog signal 
for application to the communication medium. As shown in Figure 1, element 112 may 
provide such a function. Similarly, analog signals received from communication medium 
150 may be demodulated to generate a digital signal by element 114. Still ftirther, where 
digital processing techniques are applied, appropriate decimation of the received signal may 
be performed after decoding the received information by multiplication with the PN code. As 
shown in Figure 1, element 114 may provide such a function. The communication system of 
Figure 1 is therefore intended to represent all such presently known communication systems 
that utilize spectrum spreading techniques to spread a signal over available bandwidth of a 
communication medium 1 50. 

[0039] As noted above, PN code synchronization element 108 as presently 
practiced in the art suffers from numerous complexities and problems when applied to Gold 
codes used as the PN code for digitizing communicated information. The time that is 
required to acquire the correct PN code sequence (i.e., to acquire the code) from the received 
data may be critical in certain applications. Lengthy code acquisition time may risk loss of 
mission critical data or at least delays in obtaining mission critical data. Presently practiced 
techniques do not rapidly acquire Gold codes used in such a spread spectrum conununication 
systems. 

[0040] Figure 2 is a block diagram of a communication system 200 embodying 
features that improve acquisition of the correct PN code sequences in spread spectrum 
communications, hi particular, system 200 of Figure 2 may rapidly determine the correct 
Gold code sequence (or other PN code sequence) used for spread spectrum communication 
generated by transmitter 152. As above with regard to Figure 1, transmitter 152 of Figure 2 
may receive applied baseband information on path 102. The baseband information may be 
digital or analog information. Transmitter 152 may also include Gold code generator 120 for 
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generating Gold codes as the PN code for the spread spectrum communication. The product 
of the baseband information on path 102 and the output of Gold code generator 120 is 
determined by element 1 12 and applied as spread spectrum information to communication 
medium 1 50. As above, those skilled in the art will recognize that such a system may be 
implemented using digitized information and PN codes or analog information and PN codes. 
Accordingly, digital data may be modulated onto the communication medium 150 in accord 
with well known modulation techniques and devices. 

[0041] The transmitted data is received by receiver 254 and applied as one input 
to element 1 14 to be multiplied and also applied to parallel Gold code synchronizer 256. The 
Gold code sequence is determined by parallel Gold code synchronizer 256 as discussed 
below, and applied via path 262 as a second input to element 114. The product generated by 
element 1 14 is then applied to path 1 10 for further processing within the communication 
system 200. As noted above with respect to the transmitter 152 of Figure 2, similar functions 
may be provided by either analog or digital embodiments of hereof. Any required decimation 
of the recovered (decoded) digital information may be provided as discussed above. 

[0042] Still further, those of ordinary skill in the art will recognize a variety of 
digital and analog filters that may be included with such communication systems including, 
for example, band pass filters, notch filters, and equalization filters. Such filters may 
improve signal quality and signal to noise ratio in such conmiunication systems. Though not 
depicted in Figure 2, such digital and analog filtration techniques and structures are well 
loiown to those of ordinary skill in the art and therefore need not be detailed herein. 

[0043] As compared to prior techniques, parallel Gold code sjoichronizer 256 
rapidly determines the correct Gold code sequence fi-om the received digital information. 
Such rapid acquisition of the correct Gold code sequence allows receiver 254 to more rapidly 
commence and then continue proper decoding and de-interleaving of the received 
information from communication medium 1 50. 

[0044] As shown in Fig. 2, with Fig. 3 providing additional detail with respect to 
load logic 202 and selection logic 204, parallel Gold code synchronizer 256 may include a 
plurality of Gold code generators 206, which are operable substantially in parallel. Load 
logic 202 samples received digital data via path 260 and loads the multiple Gold code 
generators 206 with initial values according to methods and structure that are discussed 
further herein below. By way of example, where the correct Gold code sequence may be 
represented as a value stored in a number of shift register stages ("iV"), load logic 202 loads 
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2^ parallel Gold code generators 206 with bits derived from the first received chips. The 
generators 206 are loaded by load logic 202 so as to ensure that every possible Gold code 
sequence generated using the Gold code shared by this receiver 254 and the corresponding 
transmitter 152 is evaluated substantially in parallel and in synchrony with the received chip 
sequence. This parallel process facilitates rapid code lock for continued processing of the 
decoded information applied to path 1 10. Selection logic 204 interacts with the processing of 
load logic 202 and Gold code generators 206 to evaluate each of the 2^ Gold code generators 
206 and to select the correct Gold code generator, e.g., generator 206 A, from among the 
plurality of parallel operating generators 206. In general, selection logic 204 monitors the 
operating Gold code generators 206 to determine which generator best correlates with the 
received sequence of chips on path 260. The Gold code generator so identified as best 
correlating with the received chips is then controlled by selection logic 204 to apply the 
output of the correct Gold code generator 206A to path 262 for continued processing of 
decoded information applied to path 110. 

[0045] Figure 3 is a block diagram providing additional details for receiver 254 of 
Figure 2 and, more particularly, additional features of parallel Gold code synchronizer 256. 
Load logic 202 receives incoming chips via path 260 and initially loads each of the plurality 
of Gold code generators 206 (see Figure 2) with bits derived from the first iV received chips. 
As above, A/^ is the number of stages in the Gold code generator shift registers. Gold code 
generator 300 represents one of the plurality of Gold code generators and may be, for 
example, generator 206A. In one embodiment, a total of 2^ generators operate substantially 
in parallel under control of load logic 202 and selection logic 204. 

[0046] Each Gold code generator 300 includes two linear shift registers, namely, 
an "a"-register 304 and a "b"-register 306. Each linear shift register 304 and 306 includes N 
stages. As shown in Figure 3, the exemplary shift registers include 1 1 stages, but any number 
of bits may be used as appropriate to the communication application. 

[0047] Each linear shift register 304, 306, has corresponding taps 305, 307 that 
accept associated register output 31 1, 313, together with the individual outputs 317, 319 from 
each of individual stages in shift registers 304, 306. Taps 305, 307 are respectively 
coupled as inputs to modulo-2 summing elements 308, 310. The manner of connecting taps 
305, 307 to the modulo summing elements 308, 310 are a matter of design choice as 
appropriate for the desired Gold code. The respective outputs of modulo-2 summing 
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elements 308, 310 are applied to paths 360 and 366 for further processing as input to load 
logic 202. 

[0048] Load logic 202 generates inputs that are shifted into registers 304, 306 
using paths 362 and 364, as discussed in additional detail below. Load logic 202 pre-loads 
each of the 2^ Gold code generators 206 with a corresponding one of the 2^ possible 
combinations of values derived from the first iV received chips. Following this pre-load 
operation, load logic 202 switches the inputs to each shift register of each Gold code 
generator to provide feedback from the corresponding output of the feedback register. Such a 
feedback structure allows each Gold code generator to commence generation of a Gold code 
in accordance with the pre-loaded value therein. In other words, following pre-load of each 
generator, load logic 202, in effect, couples shift register input path 362 to the corresponding 
shift register output path 360 and input 364 to output 366 to pemiit required feedback in 
operation of each Gold code generator. In one embodiment, this shifting establishes a 
circular repetition of the allocated values through each of the registers 304, 306. 

[0049] The sums of the taps produced by summing elements 308 and 3 10 are 
applied as inputs to modulo-2 summing element 312 via paths 360 and 366, respectively. The 
output generated by element 312 is applied as the output of the generator 300 and as an input 
to selection logic 204 via path 370. For each of the 2^ generators 300, separate paths 360, 
362, 364, and 366 control the shift registers operations of the corresponding Gold code 
generator. Further, a separate output path 370 couples the output of each Gold code generator 
300 to the selection logic 204. 

[0050] By there instrumentalities, a 2^ quantity of Gold code generators 300 may 
be utilized to permit features and aspects hereof to evaluate, substantially in parallel, all 
possible Gold code sequences for a received stream of chips. Each such Gold code generator 
is substantially identical to the structure discussed herein with respect to Gold code generator 
300. Paths 360, 362, 364, and 366 are present between load logic 202 and each 
corresponding Gold code generator 300. In like manner, an output signal of Gold code 
generator 300 is applied via a corresponding path 370 to selection logic 204 for each such 
parallel Gold code generator 300. 

[0051] Selection logic 204 selects the correct generator's output to be applied to 
path 262 for continued decoding operation based on the level of correlation for each of the 
multiple Gold code generators relative to the stream of received chips. The output of the 
correct the Gold code generator so selected by selection logic 204 is then applied to path 262 
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through multiplexing techniques and structures within selection logic 204. Such multiplexing 
features are well known in the eirt and need not be further discussed herein. 

[0052] Although Figure 3 illustrates a particular embodiment, any other 
appropriate form of taps 305, 307 may be used to connect stages of the a-register 304 with the 
associated summing element 308, and stages of the b-register 306 with the associated 
summing element 310. Such linear shift registers with static or dynamic tap stmctures are 
well known to those of ordinary skill in the art. 

[0053] Further, the a-register 304 and the b-register 306 may include any number 
of stages that are appropriate to the particular Gold code commimication application. Figure 
3 represents one possible parallel Gold code generator structure that may be coupled to load 
logic 202 and selection logic 204. Nimierous equivalent structures for such Gold code 
generators will be readily apparent to those of ordinary skill in the art. 

[0054] The foregoing instramentalities are not limited to use in conjunction with 
Gold codes. The structure shown and described in Figure 3 is equally applicable to systems 
using other PN or RPN codes. These other systems may, for example, beneficially apply 
features and aspects providing an array of multiple PN code generators 300 operating in 
parallel to evaluate multiple PN code sequences and rapidly identify a correct code sequence 
correlated with the incoming chips for continued decoding operation. Use of Gold codes is 
merely representative of one particularly useful application of the features and aspects hereof. 

[0055] As discussed further herein below with respect to load logic 202, following 
initial pre-load of each Gold code generator 300, linear shift registers 304 and 306 may 
operate as feedback shift registers under control of load logic 202. In other words, output 
signal path 360 may be controUably looped back to input path 362 and path 366 may be 
looped back to path 364. Such feedback structures are used in operating the Gold code 
generators, under control of load logic 202, following initial loading of the Gold code 
registers. Such feedback loop structures of linear shift registers, e.g., with clock-based 
shifting, and the use of same for PN code generation are both well known to those of ordinary 
skill in the art. 

[0056] Figure 4 provides additional detail with respect to one embodiment of 
elements that may be used within load logic 202. As noted above, load logic 202 receives a 
stream of input chips on path 260. Load logic 202 also receives and generates signals that are 
allocated to each of the plurality of Gold code generators 300, as shown in Figure 3. For each 
Gold code generator 300, the output of each summing element (coupled to the taps of each 
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shift register) is received by load logic 202 on a corresponding path 360 and 366. Data 
applied from the load logic to each of the shift registers of each Gold code generator may be 
applied to corresponding paths 362 and 364, respectively, for each code generator. 

[0057] Initially, load logic 202 generates bits to be shifted into the a-register 304 
and the b-register 306 of each Gold code generator 300 (see Figure 3; not shown in Figure 4). 
For the first A/^ chips that are received, as determined by chip counter element 400, "0" chip 
case logic 406 controls loading of appropriate bits into the a and b registers 304, 306 of each 
Gold code generator 300 in response to receipt of a "0" chip. In like manner, "1" chip case 
logic 404 provides loading of appropriate bits into A and B shift registers of each Gold code 
generator in response to receipt of a "1 " chip. Gold code generator indexing 402 is operable 
in conjunction with logic elements 404 and 406 to determine which bit pattems are to be 
loaded into each of the 2^ Gold code generator 300 to assure that all possible Gold code 
sequences are evaluated by the 2^ Gold code generators 300 when operating substantially in 
parallel. 

[0058] Once the initial bit values are loaded into each of the plurality of Gold 
code generators 300, as determined by chip counter 400, feedback logic 408 switches signal 
paths 362, 364 associated with each Gold code generator 300 to conamence normal feedback 
shift register operations in response to receipt of fijrther chips. In particular, path 360 for a 
particular Gold code generator is looped back as a feedback signal applied to path 362 and 
hence applied as an input to the feedback shift a-register 304. In like manner, signals 
received on path 366 are looped back to path 364 as feedback input to shift b-register 306 of 
each Gold code generator 300. 

[0059] Figure 5 provides additional details that pertain to one embodiment of 
selection logic 204. As noted above, selection logic 204 receives a stream of transmitted 
chips on path 260 and receives output from each of the multiple Gold code generators 300 
each on a corresponding path 370. After load logic 202 signals completion of the initial 
loading of the multiple Gold code generators, as indicated by chip counter 400, threshold 
comparators 500 then monitor the output of each of the multiple Gold code generators to 
measure the degree of correlation for each Gold code generator as compared to the received 
chip sequence on path 260. When threshold comparators 500 successfiiUy identify the Gold 
code generator having the highest correlation to the received chip sequence, selection 
multiplexer 502 is operable to couple the signal path 370 of the selected Gold code generator 
to signal path 262 to permit further decoding of received chips. 
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[0060] Figures 4 and 5 illustrate functional logic elements that are present within 
exemplary embodiments of each of load logic 202 and selection logic 204, respectively. Still 
further, the elements depicted in Figures 2, 3, 4 and 5 may be implemented as discrete 
electronic circuits, custom integrated circuit packages, programmable application specific 
integrated circuits (ASICs), programmed instructions in a suitable processor, etc. In other 
words, those skilled in the art will recognize the equivalency of hardware, firmware and 
software implementations of the features and aspects hereof. 

[0061] The taps 305, 306 of the shift registers 304, 306 in a Gold code generator 
300, in essence, determine the sequence of chips generated by the Gold code generator 300. 
As is well known to those in the art, the sequence of chips is a repeating pattem that repeats 
after a number of generated chips. The initial value that loaded into the Gold code generator 
300 by load logic 202 determines, in essence, what part of that repeating sequence will be 
generated by the Gold code generator 300. By varying the initial values loaded in the 
plurality of Gold code generators of Figures 2 and 3, each generator may be configured to 
generate one of the set of possible Gold codes for the shift register tap configuration. One of 
the plurality of generators will therefore correlate with the sequence being generated by the 
corresponding transmitter thus allowing rapid code acquisition. 

[0062] Load logic is generally configured to assure that each possible pre-loaded 
value for the Gold code generators is evaluated substantially in parallel. So doing allows the 
code sequence to be rapidly acquired in the incoming sequence of chips. The initial N 
received chips are used to pre-load the 2^ generators with each of the possible 2^ values 
represented by the received chips. 

[0063] The load logic may be understood from an algorithmic presentation 
thereof. Those skilled in the art will recognize numerous equivalent techniques to implement 
such an algorithm in application specific integrated circuits, fiiU custom circuits, or as 
suitable programmed instructions to a general or special purpose processor. 

[0064] Let the A and B registers in each Gold code generator of the receiver be 
represented as two 2^xN matrices, where A^^ is the number of stages in the Gold code. In other 
words 2^ generators by stages each. The A and B shift registers may therefore each be 
indexed as A/,y and Bij where i is the generator index number ranging from 0 to 2^-1 and j is 
the stage index number ranging from 0 to 7V-1 . The A and B registers in each Gold code 
generator are pre-loaded with values derived from the first AT received chips (Co through Ca^. 
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/). The load logic hereof assures that each of the Gold code generators are loaded with one of 
the possible 2^ values derived from the first N received chips, 

[0065] In one aspect hereof, the y-th stage of each A^-stage Gold code generator 
may be loaded as a function of the y-th received chip where J ranges from 0 through iV-1 as 
follows: 

if (C, = 0) then A^,M/-y := 0; B/,M/-y := 0 OR A/,A^./.y := 1; Bi^N-i-j := 1 

else Ai^N-i-j := 0; B/,A^.y.y := 1 OR Ai,N-ij := 1 ; Bi^n-i-j := 0 

where i ranges from 0 through 2^-1 as determined by indexing logic. As noted above, 
such indexing logic may use any of numerous well known indexing techniques including, for 
example, simple modulo arithmetic to assure that all 2^ generators are pre-loaded with a 
different value of the 2^ possible pre-load values. The indexing logic may select from the two 
optional pre-load values in response to each received chip and according to the indexing 
technique to assure all possible values are pre-loaded in the generators. Such indexing 
techniques and associated circuits would be readily recognized by those skilled in the art. 

[0066] In another aspect hereof, the A and B registers of the 2^ Gold code 
generators each having N stages may be loaded as follows in response to the indicated 
received chip values C,: 

(1) 



C :=0 
J 


^i,N- l-j ' ^i. N-l-j 


C :=1 
J 


B, , , . . :=modfA. , .+ 1, 2^ 

i,N— 1— J \ i,N— 1— J ' * J 



(2) 

where: / is a range variable from 0 to 2^-1, Cj is the y-th received chip, y = 0 to iV-1, 
and floor(x) is the integer value of x. It may be noted that in the above pre-loading aspect, the 
values in the 1 -register are a function of the chip index y but not the chip value "C,." Those 
skilled in the art will note that, in accord with equation 1 above, the value loaded in the a- 
register of each Gold code generator is therefore not dependent on the received chip value. 
Therefore, the a-register of each generator may be pre-loaded at initialization of the receiver 
and need not be modified in response to received chips. The values to be pre-loaded into each 
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a-register may therefore be statically saved in a memory component such as a read-only 
memory (ROM) or other similar memory component. 

[0067] Figure 6 is a flowchart providing another description of an exemplary load 
logic operation. Element 600 first sets index variable i to (the number of bits or stages in 
the Gold code). Element 602 then awaits receipt of a next chip firom the transmission 
medium. Upon receipt of the next chip, element 604 decrements index counter variable /. 
Element 606 then determines whether the received chip represents a "0" chip or a "1 " chip. 

[0068] As noted above, when Gold codes are used as PN codes, each received 
chip represents a modulo-2 sum of two bits shifted through registers of the Gold code 
generator, the first bit shifting through the a-register and a second bit shifting through the b- 
register of each Gold code generator. For "0" received chip, two possible cases exist to 
represent the modulo-2 sum of two bits that generated the "0" chip. The A and B registers 
either both need to shift in a 0 bit or both need to shift in a 1 bit. In like manner, a received 
"1 " chip indicates that the Gold code generator shift registers should receive a 1 and 0 bit in 
the A and B registers, respectively, or a 0 and 1 bit value, respectively. 

[0069] As noted above, load logic must assure that the plurality of Gold code 
generators evaluate every possible sequence of Gold code encoded received chips to 
determine the correct Gold code generator correlated with the received chips, hidexing logic 
as described above operates to determine which Gold code generators shall receive a first 
case of bit values and which shall receive a second case of bit values corresponding to each 
received chip. 

[0070] In response to a received "0" chip, element 610 shifts a 0 bit value into 
both the A and B registers for a first half of the multiple Gold code generators. Element 612 
shifts a 1 bit value into the A and B registers for the other half of the multiple Gold code 
generators. The first half and second half may be distinguished based upon the indexing logic 
discussed above as a mathematical algorithm. Other equivalent indexing schemes will be 
readily apparent to those skilled in the art to assure that the 2^ Gold code generators are pre- 
loaded with all possible 2^ combinations of values derived fi-om the first AT received chips. 

[0071] Following the loading of bits by elements 610 and 612, element 616 
determines whether additional bits are to be loaded into the shift registers of each Gold code 
generator as determined by chip or stage index number variable j\ If fiirther bits need to be 
loaded into the shift registers of the Gold code generators, processing continues by looping 
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back to element 602 to await receipt of a next chip. If no further bits need be loaded into the 
shift registers of the Gold code generators, processing continues at element 630, as described 
further below, to signal completion of the loading of the Gold code generators' registers. 
Otherwise, processing continues by looping back to element 602 to await receipt of another 
chip. 

[0072] If element 606 determines that the next received chip is a " 1 " chip value, 
elements 620 through 626 are operable as described above with respect to elements 610 
through 616 to load appropriate bit values in the shift registers of the Gold code generators 
representing the two possible states for a received "1" chip value. Indexing of the appropriate 
stage and generator to be loaded are as above to load a first half with appropriate values and a 
second half with appropriate values. In particular, element 620 loads half the Gold code 
generator shift registers with bit values of 1 and 0 in the A and B shift registers, respectively 
while element 622 loads bit values of 0 and 1 in the A and B registers, respectively, of the 
other half Element 626 determines whether additional chips need be received and if not 
processing continues with element 630 as discussed below. Otherwise, processing loops back 
to element 602 to await receipt of another chip for pre-loading the Gold code generators. 

[0073] Once all Gold code generator shift registers have been pre-loaded with all 
possible combinations of code sequences, element 630 signals to the selection logic discussed 
above that selection may proceed. In addition, element 630 switches all shift registers of all 
Gold code generators into a feedback configuration for normal operation of the Gold code 
generators, which generate Gold codes based on their respective pre-loaded values. As noted 
above, the load logic may couple the shift register outputs applied as input to the load logic 
directly to the shift register input signal paths for effectuating the desired feedback loop. 

[0074] With the Gold code generators pre-loaded with all possible sequences of 
bits corresponding to the initial AT received chips, element 632 simply awaits receipt of a next 
chip and, when received, element 634 clocks the shift registers of all Gold code generators to 
shift another stage thus generating another Gold code value. This process continues as the 
selection logic, discussed fiirther herein below, attempts to identify the best correlated 
generator to use for continued communication decoding. 

[0075] Figure 7 is a flowchart describing an exemplary algorithmic representation 
of operation of selection logic 204 as discussed above. Element 700 is operable to await 
receipt of a signal from the load logic indicating that all Gold code generators have been 
successfully pre-loaded and that selection of the best correlated generator may commence. 
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As noted above, such a signal may be generated as a discrete logic signal exchanged between 
the load and selection logic or may be represented as the terminal count condition generated 
by counters associated with both load logic and selection logic. 

[0076] Upon sensing completion of pre-loading of the generators, element 702 
then initializes index variable / to begin counting occurrences of received chips in preparation 
for determining correlation measures of the various Gold code generators. Any valid 
correlation measure of a PN code may require some minimum number of received chips to 
compare against the PN code generator output values. The actual or maximum number of 
chip times required to identify the best correlated Gold code generator may vary in 
accordance with particular aspects and attributes of each particular application. Failure to 
sense adequate correlation within a specified maximum number of chip times may be 
considered an error in certain applications. Such error processing is well-known to those 
skilled in the art and need not be addressed in further detail herein. Factors involved in the 
time (number of chips) required to determine correlation may include: the number of bits or 
stages in the assigned Gold code, environmental factors including noise and transmission 
medium quality, and other factors. The maximum time required to determine such correlation 
will be determined as a matter of design choice in a particular embodiment hereof. 

[0077] Elements 704 through 714 are then iteratively operable to await receipt of 
each new chip from the communication medium. When element 704 determines that a next 
chip has arrived, element 706 is operable to increment index counter i indicating receipt of 
another chip. Element 708 then increments a counter or other indicia associated with each 
Gold code generator to indicate which generators correlate with the received chip. As noted 
above, following pre-load of the Gold code generators, all generators are allowed to operate 
normally generating Gold codes in response to receipt of each new chip. Other generators 
that do not correlate to the received chip do not have their respective counters so 
incremented. Element 710 then determines if additional chips are expected before correlation 
may be determined - i.e., if the MINIMUM number of chips have been received such that 
correlation of one generator may be determined. If more chips are required, processing 
continues by looping back to element 704 to await receipt of a next chip. Otherwise, 
processing continues with element 712 to attempt to determine which of the plurality of Gold 
code generators best correlates with the received sequence of chips. 

[0078] The best correlated Gold code generator is identified by operation of 
element 712 by the index value j. Element 714 then determines whether the best correlated 
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generator is adequately correlated, in other words, whether the correlation exceeds a 
predetermined threshold. If element 714 determines that none of the generators adequately 
correlate, processing continues by looping back to element 704 to await receipt of additional 
chips. 

[0079] If adequate correlation is found for one of the generators, element 716 is 
then operable to select multiplexing logic elements within the selection logic. The 
multiplexing elements serve to selectively couple the best correlated Gold code generator 
directly to the communication path within the receiver for continued decoding operation. 
Such multiplexing selection logic elements are well known to those of ordinary skill in the art 
and therefore need not be further detailed herein. 

[0080] While the invention has been illustrated and described in the drawings and 
foregoing description, such illustration and description is to be considered as exemplary and 
not restrictive in character. One embodiment of the invention and minor variants thereof 
have been shown and described. Protection is desired for all changes and modifications that 
come within the spirit of the invention. Those skilled in the art will appreciate variations of 
the above-described embodiments that fall within the scope of the invention. As a result, the 
invention is not limited to the specific examples and illustrations discussed above, but only 
by the following claims and their equivalents. 
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